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Determination of Fatty Acid Composition of Amaranthus Species 
Folahan 0. Ayorindeo*, Michael 0. Ologundeb, Erick Y. Narao, Brian N. Bernardo, Oladapo A. Afolabib, 
Olusegun L. Okeb and Robert L.ShepardaI0 Department of Chemistry, Howard University, Washington, DC 2OOS', ird bDepartment of Chemistry, Oba;emi Awolowo University,
lie-Ife, Nigeria 

Fatty acid compositions of the seed oils from eighteen
vaieties of anaranthus species have been determined 
after room temperature transesterification. Consistent 
with earlier studies, wide variations in the fatty acid corn-
position are reported, and appear to be agronomically 
relatid. All varieties show significant levels (2-5%!of 
squalene and a combined linoleic acid and oleic acid oc-
currence of between 70-80' . This study represents the 
first reported fatty acid composition of grain amaranthus 
cultivated in We,;t Africa. 

As part of an eff'rt to introduce grain fimaranth icto 
West Africa. eighteen imported alaranthus varieties 
ha\- been cultivated over two growing seasons at lie-Ife, 
Nigeria. Anaranthus specie,s, though native to the tropics 
ISouth America, Africl:. Asi:0, are (urrently cultivated 
on a conmercial level in the midwestern part of the 
Unite(d States. l'xtensive plant breeding and agronoinic 
studies have i)een carried out at the l{odale Research 
(enter, Kiitztown. Pennsvlx ..nia. from where improved 
lines tli are high-yielding in grains and amenable to 
mechanical cultivation are now available. [he milled 
grains are used to mnake bread, biaked goods and several 
other cereal-based products i I 

In \Vest Africa. ainarznthus species (known as "Efo 
''ete" in Nir,,ria) are used sole!y as ingredients for 
vegetalble soup, while the seeds are discarded: thus the 
West African \ arieties are regarded as vegetable types. 
Extensive chemnica, analyses have been carried out t(. here is a sliglht modification of an earlier transesterifica
dterin(im the nutritional value (If several varieties of 
amaranthus seeds (2.3). most of which are of the grain 
type cultivated in the United States. Of the many
reported studies )n aniaranthus grain. onl' tLhe recent 
sttiyv hy Saunders and co-workers (W)indicated the 
possibility of a correlation between lipid composition and 
agronoinic l)arame-ers. '[hey reported wide variations in 
the fatty acid composition of aiaranthus seed oils, even 
)etween ,nenihers of the same species. 
Inthis present cominuni( atioj, we report the fatty acid 

composition of eighteen varieties of ainaran h'is that were 
growi under the same agronomic conditions. Fatty acid 
composition of thiee lines that were cultivated at, two sue-
cessive growing seasons is .Aso reported. Inaddition, a 
modification of an earlier reported seed oil analytical pro-
cedure is given, 

MATERIALS AND METHODS 


Experimntal plantings of grain amaranth were initiated 
in ,June and September. 1987, at the Agriculture Teaching 
andi Research Farm. ()bafemi Awolowo University, lie-
Ife, Nigeria. (;rain samples from the June and September 
planings were sent t, I loward University for analysis. 

whomn cororalrorhnct*'I'j 	 "htutl III, iire~sstl. 
l	lh'rmianit amrImss: INlAStIRIACE. INC., P.). Box i818, 
Sil .Spring.%I) 20906, 
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Hach study sample was ground into a powder with mortar 
and pestle, then su)jected to a 24 hr Soxhlet extraction 
with glas distilled pentane as solvent. The extracts, 
evaporated to afford light golden colored oils (2-5 wt %), 
were .ubsequently metiylated (described below) for gas
chromatographic analysis. A linnigan gas chromato
graph lmodel 9(;11) equipped with a splitless injector and 
interfaced with L Finnigan MAT 4500 atuomated mass 
spectrometer with a SUPERINCOS data system was 
used. Iigh resolution capillary gas chromatography was 
obtained with the use of Supelco fused silica SPII-1 and 
SI3-5 columns (30 in, 0.32 mm I.D., 0.25 pin film) respec
tively, temperature programmed from 50'C to 300'C, and 
helivmi as carrier gas with a head pressure of 10 psi. 'The 
interface oven and transfer line were maintained at 300'C, 
the ioni.er temperature setting was at 140"C, electron 
enei gy at 70 eV and injector temperature at 250()C. The 
mass spectrometer wis operated in the electron impact
1,FI) mode, with an emission current of 0.30 mA, and dec

tron inc ltiplier at 1,300 V. 
Characterization of the major fatty acid methyl esters 

was accomplished Ihy comparison of l.heretention times 
and mass spectra with those of authentic compounds.
QuanLitation was achieved by using known quantities of 
squalane as internal standards with an appropriate 
response fvctor for each componei.t methyl ester (4).
Response Iact,rs were determined from chronmatographic 
peak ,irets )fstandard samples. 
Prear'ation ofnmethyl sters. The procedure descriled 

tion mneh( d that we developed to enalble rapid screening 
of a large number of seed oils (1). This modification 
prevents formation of a cloudy suspensin in the 
analytical sample. The following is a typical analytical
procedure: transfer 2-5 ng crude seed oil to a 5-10 ml 
glass vial, add 800 pl methanol, followed by 200 PI 
diazoniethane-ether solution (4). Shake thuroughly and let 
stand for one min; add 0.3-0.5 ang squalane as internal 
standard (the squalane is added from a methylene chlorine 
solution). Inject 0.2-2.0 1.4of sample into the gas chro
mnatograph to quantitate the free fatty acid (FiA). After 
a minimum of triplicate analyses, add 16 1 3.3M 
CII ONa/CI,011 solution. Shake thoroughly for a few 
seconds and let, stand for 5-10 min, then add 10 pi acetic 
acid. Inject Ibetween 0.2-2 A1into the gas ,hromatograph 
for analysis of total fatty acid composition. This pro
cedure differs from the previous method only because a 
solution of nmethanol-diazomethane-ether was used for theFIA determination. In the\latter procedure, a diazo
methane-elher solution was used. In this improved pro
cedure, the analytical stmnples are clear solutions, instead 
of the cloudy suspensions resulting from the previous 
method (4). 

RESULTS AND DISCUSSIONS 
Concerning the slight modification in the transesterifica-
Lion procedure relative to our recent publication (4), it was 



1813 
FATTY ACID COMIPOSITION OF ANIARANTIIUS SPECIES 

TABLE I 

Weight Percent Oils in Amaranthus Grains and Percent Squalene in the Seed Oils 

Species 	 Breeding line(' Trial planting dates % Oil % Squalene in oil 
A. cruentus 	 Local, 6/,/87 2.49 	 3.76A. crtentus 	 Local b) 61/87 2.42 	 NAA. cruentus 1011 	 6//.87 2.92 1.05A. cruentus 	 103,1 61/1187 	 2.12 2.24A. cruentus 134 	 6/4/87 3.85 NAA. hypochondriacus 67,1b 	

6/4/87 1.94 1.88A. hypochondriacus 718 	 6/4/87 3.29 3.35A. hypochondriacus 	 6,16 6/41/87 	 4.08 2.68A. hypochondricaus 	 1016 (/1/87 	 3.18 NAA. caudat's 713 	 6/,I/87 3.19 3.78A. vaiudatus 988 	 6/4/87 1.70 NAA. tvhridus 	 10[14,b 
6/4/87 	 2.25 2.40,'A. cruentus 	 1011 9/16/87 	 3.16 NDA. cruentus .13,t 	 9/16/87 2.77 NA.4, hpochondriarus 10416 	 9/16/87 1.86 2.29A4.Ihypochondriacus 	 674b1 9/16/87 	 1.71 2.95A. hypochondriacus 1023 9/16187 	 3.74 2.20A. hpochondriacus 1024 9116/87 	 3.13 2.94A. hybridus 10,17 	 9/16/87 3.06 4.66 

i From IRodale Research Center, Kutztown, Pennsylvania.
 

'l)ark-seeked variety.
 
NA = not analyzed: NI) = none detected.
 

TABLE 2 

Relative Weight Percent of Fatty Acids in Amaranthus Grain a 

Species Breeding line b Trial planting dates C16:0 C17:0 C18:2 C18:1 C18:0 C20:0 
A. cruentus local(, 6A,/87 19.96(0.70) (1.02 52.83(3.17) 24.520,1.07) 2.68 0.01.1. cruentus Local c 

6/./87 19.311.00) ND 52.180,.01) 25.11)2.21) 3.40 NI)
.4. cruuntus 1011 6/1/87 21.1.1(1.51) ND 13.94(3.15) 33.23(2.,10) 1.61 ND
A. cruentus 103,1 6,1/87 19.39(2.13 0.11 17.71)1.00) 29.46(0.99) 2.67 0.65A. cruentus -,131 'T/,87 19.07(0.,1(1) (.08 12.30(1.18) 31.68)0.15) 3.15 0.71A. hypochondriacus 07.1c 
6/.1/87 15.06(,H.32) NI) ,11.6711.71) 38.72)1.36) 1.36 ND
'1. hypochondriaucts 
 718 6/,I/87 17.36(1.59) NI) 58.7,111.69) 21.30)0.32) 2.51 0.06A. iypochondri, 'us 6.16 6/1/87 16.96)0.62) NI) 4,1.6811.18) 37.200.92) 1.07 0.09A. hypochondriacus 10,16 6/4/87 19.52(2.38) ND 50.,111.42) 27.,13(2.2,1) 2.62 NI)A. caudatus 713 6/4/87 18.04)0.52) NI) 12.03)0.52) 36.62(2.32) 2.79 0.53A. caudatus 988 6/,t/87 17.550.22) NI) 55.97)5.15) 25.87,1.31) 0.57 NDA. hybridus 100.1C 

d (/4/87 19.69(2.11) NI) 5.1.151.65) 23.98)1.11) 2.19 ND.A. cruentus 101l 9/16/87 23.17)2.11) 0.,I0 37.61)0.86) 31.071.86) 4.93 0.10 ,,. cruentus ,134 9/16/87 19.251.68) NI) 40.02(2.54) 36.90)2.61) 3.831 	 NDhypochodriacsI. 	 1(16 9/16/87 20.310.37) NI) 17.9711.3 6) 27.01)1.72) 4.68 NDA. typochoodriacus 67.4C 
9/16187 18.002.50) NI) 56.68)2.15) 21.461.83) 0.86A. IIypocIidriacus 1023 9/16/87 	

ND 
19.551.26) 0.1.1 17.09(0.90) 29.85)1.01) 2.91 0.14A. hyvpochondriacus 102.1 9/I6/87 18.9(1.03) NI) 18.03)1.18) 30.32(1.,15) 2.70 NDA. hydridus 10,t7 9/16/87 1,1.32(0.21) ND 50.72(3.13) 31.02)2.96) 3.91 ND 

aNinimum of triplicate determination for each sample. Standard deviations given in parentheses (_+). 
bFrom Rodale Research Center. Kutztown, Pennsylvania. 
C Dark-seeded variety. 

dContain traces of linolenic acid. 

TABLE 3 

Relative Weight Percent of Fatty Acids from Three Arnaranthus Lines Cultivated at Two Successive Growing Seasons 

Species Breeding line Trial planting dates C16:0 C18:2C17:0 C18:1 C18:0 C20:0 

A. hypochondriaeus 671 6,4/87 15.06 ND 44.67a 38.92b 1.36(' ND 
9i16i87 18.00 NI) 56.68a 24.46 b 0.86c ND 

A. cruentus 1011 6/4/87 21.21 NI) 13.9,1(1 33.23 1.61C 
e ND 

9/16/87 23.17 0.0.1 37.61 (1 34.07 ,1.93( ND 
A. 	hypochondriacus 10,16 6/,1/87 19.52 NI) o.,I4f 27.43 2.62 ND9/165/87 20.31 NI) 17.97/ 27.01 4.68 ND 
Values with same superscript are significant at =P < 0.05. ND none detected. 
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initially made necessary in order to prevenL the occur- acid were detected in a few varieties. Thus amaranthus 
rence of persistent hut minor amounts of fatty acid esters grain is a source of nutritionally important fatty acids,

with a mass spectral base peak at mi/z 88, for saturated especially !inoleic acid, the most prominent component
 
esters, and for esters with odd-numhered carblon atoms, found in all species.
 
We attril)uted these to the formation of o-methyl esters.
 
Ilowe\er. upon closer scrutiny, and reference to some ex- ACKNOWLEDGMENTS
 
isting literary evidence (5), these minor components are
 
now helieved to he ethyl esters, the origin of which still 'hI'is project was nade possihh' Nya grant from the U.S. Agency 
remain unknown. for International I)evelopment (#)AN-5053-(;-SS-7005-00). The

anthors thank . I. MIorris for his invalhoal,ie directorship of this'The percentage of oil in ainaranthus grain and tihe c, il)ora t iV,e)rpoject . (1)r appreciation also goes to C. S. Kao ffntan 
percentage of squalene ill the seed oils are given in and L.. I.'. Wetr of the lRodale Research Center. Kntztown, Penn

alable I. Analyses (,f the oils indicate insignificant levels sylvania. tot- supplying the original germpiasm that was used ill the 
of free fat tv acids in most of the varieties, suggesting the project. St dy satrpies fron the agronomic trials were provided 1)*
al)sence of lipase activity in anaranthus seed. 'Table 2 ". '\degoroyt, and Y. AkinveimtijU of ()hafemi Awolowo University, 
gives the relative percentage of the component fatty acids Il-Ife,. Nigeria. 
in the oils indicating a pronunced variation, both inter
specific and intra-sp,*cific. Based on our' data, it is safe REFERENCES 
to conclude that there is no t*ypical 11,aaranllS seed oil. 1. "\nitu'nth: Motdern Prospect tot an Ancient Crop," National 
The variation in tihe fatty acid Composition appeal's to he Acaie', I 'nrss. \Washington. C)(.198-I. pp. 26-33. 
agronomically related ii) <0.05). 1lowever, these varia- 2. Olit,, VI..1. 'xp. Hot. 8t0:601 (19791.

3. Sanders. R.MN.. It. Recker. I'L. Wheveler, K. L orettz, A. H. St at'tio n s can a lso e tlu e to g en etic facto rs, in h ere n t in th e . O .. (. o.. and A A. 1,. W h r . . orenz . . /; ;:1175individual plant. Support for the agronomic variation is H 98 ). 
derived from the fatty acid composition from ole genera- .I. A\orindi,. F".(O.. J. ('lifton, Jr. ().A. \folahi and I.,. Shepard, 
tion to athtt.1eT (Tahle 8). 'I'he agronomic parameters for A. O0il (hen. So,. 6.5:9,12 11988). 
this project indicate little rainfall for the September plant. T .. S. Al r; rha .. Ste oh agn, il Si.. .W. NIC Lafftrtv.' " legistry of 
ing (()ke. 0. 1.. (G. Adegorove and Y. Akinvemiju, Mass Spec(tral Ilata," Vols. 2 & 3. Wile --- Interscience, New 
Awolowo Universit v, lie-Ife. Nigeria, unpublished work). il. 1,7. 
Another conclusion worthy of note is that the percentage 
of unsaturated fatty acid in amaranthus seed oil is II,c,iVed August 16. 1988: accepted August 23. 19891 
generally between 70-80"i, while only traces of linolenic 1.155511 
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